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By Karen E. Jenni, David L. Naftz, and Theresa S. Presser

Abstract

The U.S. Geological Survey, working with the Montana Department of Environmental Quality and the British Columbia
Ministry of the Environment and Climate Change Strategy, has developed a conceptual modeling framework that can be used
to provide structured and scientifically based input to the Lake Koocanusa Monitoring and Research Working Group as they
consider potential site-specific selenium criteria for Lake Koocanusa, a transboundary reservoir located in Montana and British
Columbia. This report describes that modeling framework, provides an example of how it can be applied, and outlines possible
next steps for implementing the framework.

Introduction

Lake K.oocanusa is & 1 northwestern Montana and southeastern Brifish
Columbia, created in 1972 with the completion of Libby Dam. It is located in the Kootenay/Kootenai River Basin, which
is an important part of the Columbia River system (fig. 1). The basin contains critical habitat for the endangercd 4cipenser
transmontanus (white sturgeon), threatened Salvelinus confluentus {(bull trout), and genetically pure Oncorhynchus clarkii
lewisi (westslope cutthroat trout), which has been identified as a specics of concern by Montana, U.S.A., and British Columbia,
Canada. The Kootenay/Kootenai River Basin also serves a vital role in maintaining adequate flows and water quality for several
endangered salmon and steethead runs within the larger Columbia River system {System Operation Review [SOR] Interagency
Teamn, 1995). Libby Dam provides both hydropower and downstream flood protection. The reservoir itself is a popular fishing
and . SR AR . e \

by the U 8. Geological Survey (USGS) and Montana Department of Env

as impaired by S¢ and listed the water body under sec. 303(d) of the Clean Water Act (33 U.S.C. 1313d). Scleniom is an
essential dietary element; however, it can be highly toxic to fish and aquatic birds when biocaccumuliated in ecosystems, resulting
in local extinctions and deformitics (Skorupa, 1998).

In 2015, Montana DEQ and British Columbia Migistry of the Environment and Climate Change Strategy (British Columbia
MOE) established the Lake Koocanusa Monitoring and Research Working Group to study, understand, and address current and
future water-quality concerns in the Lake Koocanusa watershed and to work towards joint solutions for managing potential Se
contamination including development of site-specific criteria for the protection of aquatic life and wildlife.
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Z Conceptual Modeling Framewaork of Selenium Criteria Development

EXPLANATION

- Borders

Lake Koocanusa watershed

. Existing coal mines

Coal-bearing units/strata/rocks
Lake Koocanusa

- Kootenay/Kootenai River

Figure 1. Lake Koocanusa and the Kootenay/Kootanai River Basin. Potentia! locations for model validation of the
conceptual modeling framework for Lake Koocanusa are marked with numbered circles: {1} forebay (FB) near the Libby Dam,
{2)the international boundary (1B}, {3} reservoir below the Elk River inlet, {4} mixing zong/backwater atthe Elk Biver inlet, and
{5) mid-lake. {1} and {2} show locations where historical monitoring data exists.
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introduction 3

Lake Koocanusa Monitoring and Research Working Group

The Lake Koocanusa Monitoring and Rescarch Working Group was formed specifically to

» ...collaborate for the purpose of protecting the uses of Lake Koocanusa by determining water monitoring priorities,
developing scicnce-based water quality research plans/studics and developing water quality criteria/objectives for Mon-
tana and British Columbia.

« Criteria to be potentially reviewed and/or developed for recommendation to the parties include, but are not Hmited to,
scleninm and nutrients, and will be protective of relevant uses, including, but not limited to, aquatic fife, oman health,
recreation {eutrophication), wildlife, and agriculiure.

{See Committee Governance link at hiips:/Nakekoocamusaconservation pbworks.cont.)

Two subcommittees (the Lake Koocanusa Monitoring and Research Committee [LKMRCT] and the Selenium Technical
Subcommittee [SeTSCY) have been tasked with developing science-based input for the development of recommendations for
water-gquality criteria {Se criteria specifically) for Lake Koocanusa. The LKMRC is co-chaired by Montana DEQ and British
Columbia MOE and includes representatives or observers from a wide range of stakeholders in the region. The SeTSC is a panel
of scientists (table 1) formed to investigate the development of Se criteria for Lake Koocanusa. The LKMRC and 5¢TSC (here-
after “Committtees™) are a koy part of the intended audience for this report and are potential users of the conceptual modeling
framework presented herein.

The Committess are charged only with making recornmendations; any water quality criteria and (or) objectives must be
submitted for approval before both Montana’s Board of Environinental Review and British Columbia’s Ministry of the Environ-
ment (hitp://deqantgov/DEQAdmin/LakeKoocanusa). A Lake Koocanusa website is available to access working documents,
reports, updates, and monthly newsletters at hitps:/Aakekooranusaconservation phworks . com,

Table 1.  Selenium Technical Subcommittee members.

Hame Aftiliation Expertise
Joe Beaman U.S. Environmental Protection Agency U.S. seleninm regulations
David Janz University of Saskatchewan Selenium ecotoxicology
Lana Miller British Columbia Ministry of the Environment Selentum ecotoxicology; British Columbia seleniom regulations
David Naftz U.8. Geological Survey Field work and seleninm monitoring
Vince Palace International Institute for Sustainable Development  Fish toxicology
Theresa Presser .8 Geological Survey Ecosystem-scale selenium modeling
Joseph Skorupa 1S, Fish and Wildlife Service Selenium models; avian endpoints

Purpose of the Conceptual Modeling Framework

The USGS developed a conceptual modeling framework 1o support the Committees as they consider recommendations
for site-specific Se criteria for Lake Koocanusa that are protective of fish and bird species. The initial objective of the work
was to tailor the concepts of an ¢cosysiem-scale Se-modceling meihodo ogy (Presser and Lucma, 2010) to the Lake Koocanusa
ecosystem so it could provide a basis for discussions ¢ i ] i i
hosted by Montana DEQ and British Columbia MOE
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4 Conceptual Modeling Framewaork of Selenium Criteria Development

Conceptual Modeling Framework

Background and Basis

The model framework described herein follows the structure of the ecosysterm-scale Se modeling methodology illustrated
in Presser and Luoma (2010) (fig. 2). This modeling framework is broadly consistent with other conceptual models that connect
geochemical and physical systems with biclogical systems o document how Se cycles through ecosystems (for example, Johnson
and others, 2008; Teck Resources Lid., 2014). However, the mechanistic basis of the model also provides an understanding of why
bioaccumulation varics among {ood webs and how that leads to some predator species being more valnerable to contamination

The ecosystem-scale mo
characterize and guantify th
this model include

Is that together
¢y factors in

‘v‘vdtﬁf dnd particuidte samples; cledr sm ~gpecific knowiedge of dwtdry pathways; and matched samples of low, mtermedmte and

Ecosystem-scale modeling also allows a “back calculation” of a water-column concentration that would be consistent with
any defined fish-tissue concentration (mmuscle, whole-body, or egg-ovary) that might be chosen as a protective criterion. The U.S,
Environmental Protection Agency (EPA) used this approach in establishing tiered, recommended aquatic-life criteria for Se.
The primary recommendation is based on an egg-ovary concentration in target fish species; if that type of data is not available,
there is a guideline for fish whole-body concentration, and if data on whole-body Se concentration are not available there is a
guideline for water-column concentration. The guideline explicitly states that “[w]ater column values are based on dissolved

33

total seleninm in water and are derived from fish-tissue values via bicaccumulation modcling” specific 1o the regulated site (U5

Mode! Structure for Lake Koocanusa

T ha, modeling fraxmwmk has been tailored to the Lake Koocanusa ecosysiem. The focus of this tailored conceptual

o

dlscussmns of the

Sources, hydrology, and ecosystem components—modeling locations. The first element of the framework relates to
locations of Se loading, the hydrology of the system, and whether and how 53¢ concentrations may vary across the reservoir
system. For Lake Koocanusa, the major source of Se is known o be associated with coal mining within the Blk Valley of
British Columbia that enters the reservoir through the Elk River in the northern portion of the reservoir (Romans, 2015).
The Kootenay/Kootenai River also provides a background Se load assumed to be from natural scurces. Lake Koocanusa is a
reservoir, operated by the U.S. Army Corps of Lngme;rs for hvdropower, flood mandggmcm Iurcaiaon and cnviromnental
stewardship (hitp:/fwwwnws, usace. army.oil/Mi ocks-and-Tams/Li

example,
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Conceptual Modeling Framework 5

4 Dissolved Se conceniralion

Dissolved se spemm:m
{selenate, selenite . Organo- Se)
FCOLOGY

_ Particulate
Be conceniralion

Puarliculaie Se specistinn
{phyioplankion, wspcnds,,d
maﬁem@ biofilm seq amcm)

1F.

inver tebrdt@ b

Immmbmt@
Se concentralion
— EFFECTS

Wildlite
Se

| c:(mce:m:raﬁml comcentialion

D Factors

| | Se measurements

| Management guidelines
Effects and ecology
—+ Predator/prey links

Figure 2. Ecosystem-scale selenium {Se) mode! (from Prasser and Luoma, 2018, fig. 1). TTE trophic
transfer factor; K, an empirical measure of the partitioning of Se between water and particulate phases.

the U.S. Eavironmental Protection Agency’s recommended Se criteria allow for higher concentrations in reciving waters
with lower residence times (lotic systems such as rivers and streams) versus those with higher residence times (lentic systems

1 Considering these
d Ve T C Wi g. . These five locations
represent argas important to the reservoir system where Se loadmg and hydrodynamics dﬁm where Se concentrations might
differ, and in some cases, where historical montforing data are available

Sensitive species, toxicology, and Se effects —CGiven the focus of this modeling framework on supporting development of
protective Se criteri

>
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& Conceptual Modeling Framewaork of Selenium Criteria Development

DBecisions about species and level of protection

Modeling

* Develop feod web diagrams and estimate dictary
components and percentages for each prey species
» Consider habitat use and timing

« Consider EPA guidelines, where exposures occur
and what specigs are present in the ecosystem,
and the sensitivity of those species

«Observed particulate material concentrations

»Consider EPA guidelines and species-specific (Chartioutate)
toxicology = Site-specific partitioning factor (i) that relates
«If toxicity guideline is for egg-ovary concentration in water to concentration in
concentration, translate to whole-body particulates

concenfration using either EPA guidelines or
species- and site-specific data (Cgy, gdetine)

‘ Cinveﬂ =C * TTF,

‘particuiate wvertebeate

® (’jﬁsh = Cinvertebrate xTTF fish

® Cﬂsh - Cpaniculaie ol TTFmvenebrate ol TTFﬁsh

*Compare predicted invertebrate and fish tissue Se
concentrations from the equations above to
observed Se concentrations

Translation: Use the model to derive a Se concentration in the water column that corresponds (o any
given decision about species and level of protection; consider a suite of scenarios representing different
perspectives and decisions when developing recommendations

;
*Wh

4 e N o
¢ (’Water - (-‘paniculzne : Kd

Figure 3. Translating a selenium {Se) fish-tissue guideline to a Se water-column concentration guideline using the
ecosystem-scale Se methodology. Modified from U.S. Environmental Protection Agency (2016, fig. 2.3) and Presser
and Luoma {2010, table b). TTF _ calculations are shown for 8 simple food web; more complicated food webs including

muftiple-species diets and sequential diets can be represented if distary compositions and individual TTEs throughout the
food web ars known.

species with close dictary and beh
to recommend criteria that would
Rather than focus on identifying a single species

While these species represent a cross-section of
ates for inclusion in data collection and model calibration,
recommended criteria. Commities

The Cormmittees, as mentioned previously, ar

when they
develop recommendations for protective 3¢ criteria. How

gver, at this point, the Commiitecs and this conceptual modeling frame-
Preliminary field observations by the U.S. Fish and Wildlife

Service during the 2016 breeding season, along with extensive avian nest monitori i 718 [ ‘

Elk River down to the mouth of Lake Koocanusa (Minnow Environmental, 2016)

o0 -
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Conceptual Modeling Framework 7

Table 2. Fish species suggestad by the Lake Keocanusa Monitoring and Research Committes and the Selenium Technical
Subcommittee members for consideration in developing recommendations for Lake Koocanusa specific selenium criteria.

Species Bationale for inclusion

Oncorhynchus clavkii lewisi (westslope cutthroat tronty  Culturally and regionally important; considered a species of concern by the
State of Montana (Montana Natural Heritage Program and Montana Fish,
Wildlife and Parks, 2017) and as a species of special concern (Blue List) by
British Columbia (British Columbia Conservation Data Centre, 2017). While
westslope cutthroat trout are considered common in the watershed (Dunnigan
and others, 2017), based on recent sampling efforts, they do not appear to be
abundant m the reservorr itself (Selch, 2014).

Romans, 2015); considered primarily as a possible

ope cutthroat trout, pending food web comparisons.

Perca flavescens (vellow perch) Yellow perch are believed to hav (Aalto and Newsome, 1990);
Se concentrations above British Columbia guidelines have been found n
some yellow perch in Lake Koocanusa (Permat 107517 Environmental Moni-
toring Committee, 2016; hereafter “EMC™). Because the species 1s introduced
in the lake, there are fewer concerns about lethal sampling that may affect data
collection.

Oncorkynchis myvlass (rainbow trout)

proxy for we

Mylocheilus caurinus (peamouth) or
Richardsonius balteatus (redside shiner) or
Prehocheilus oregonensi (northern pikeminnow)
. Blevated Se concentrations have been found in
hiner and peamonth (EMC, 2014; Selch, 2014).

Jontana Natural Herit OPTa
h, Wildlife and Parks, 2017). However, there ar
the reservoir {Dumnigan and others, 2017) and their sensitivity to Se has not
been stadied directly (U.S. Environmental Protection Agency, 2016).

some redside

Lota lota {burhot)

Safvelinus confluenius (bull trout) Listed as threatened under the U.S. Endangered Species Act (Montana Natural
Heritage Program and Montana Fish, Wildlife and Parks, 2017); common and
stable or increasing m the lake (Dunnigan and others, 2017).

Prosopium williamsoni (mountain whitefish) Rare and decreasing in the watershed (Dunnigan and others, 2017)

Oncorkynchus nerka (kokanee)

neclud-

ing pmuigan and others, . Existing Se¢ concentration data have

lower variability than other species (Selch, 2014). This 1s an introduced species
so there 1s less concern about lethal samphing than for native species.

hese factors indicate

that fish exposure to Se, and associated risk of toxicity to fish, is most likely to be the most sensitive endpoint and the Hmiting
or determining factor for a site-specific waier quality standard. For those reasons, the conceptual modeling framework defined
here does not include an avian endpoint, but the Committees have not vet ruled out the need to expand the model to include
such endpoints. Bird specics that have been discussed as potentially of interest include Actitis macularius (Spotted Sandpiper),
Charadrius vociferus Linnaeus (Killdeer), Pandion halinetus (Osprey), and possibly Riparia riparia (Bank Swallow) or
Tachycineta bicolor {Tree Swallow).

afiz and others, 2018
igure 4 shows all three factors: reservoir lew
the spawning scasons for identified fish species on an annual tmeline.

el, possible Se¢ loading, and

ED_013890_00019551-00013



8 Conceptual Modeling Framewaork of Selenium Criteria Development

Oct. Nov. Dec. Jan

Feb. March April

May June

July Aug. Sept |

Reservoir levels Stable/low Stable/high

Selenium loading

Salvelinus confluentus

(buli trout)

Lota lota

{burbot)

Oncorhynchus nerka
(kokanee)

Prosopium williamsoni
(moumtain whitcfish)
Ptchocheilus oregonensi
(northern pikeminnow)
Mylocheilus caurinus
(peamouth)
Oncorhynchus mykiss
(rainbow trout)
Richardsonius balteatus
{redside shiner)

Oncorhiynchus clarkii lewisi
(westslope cutthroat trout)

Perca flavescens
(vellow perch)

Figure & Timing considerations: reservair levels, loading, and spawning seasons (blue lines) for fish species of interest.
Resarvaoir levels from Hoffman {2016}, loadings from Naftz and others {2015}, and spawning seasons from the Montana Field
Guide {Montana Natural Heritage Program and Mantana Figh, Wildiife and Parks, 2017).

odel Implementation

Ifthe Fommmseq want to implement this modcimg framework and use it as part of the basis for recommending site-

i ish and birds, several steps would be necessary.

—As shown in the upper left side of figure 3, decisions about

o use when recommending a Se criterion are critical inputs 1o determining a water-
ecisions about target species and different choices about the level of protection desired
may lead to dsnvahon of differ mt water-column concentrations..

Given the current minimal data and the Cominittees’ desire to address the most sensitive species at the most sensitive time in the

at alf locations and time points identified in the framework is likely to be time and cost prohibitive. It may be possible to use the
modeling framework with partial data and values from the literature as a screening tool to reduce the data collection and modeling

burden. An example of this model use is described in the “Example Illustration of Model Application” section.
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Example lllustration of Model Application 9

- (Terri Mavencamp, Montana DEQ, oral communication, 2017); these data can be
 to pop values or ranges for locations where those data exist. Data collected over the past several
years can be used E{) vahdaﬁc some poruons of the model, and where necessary, literature values can be used and then tested in

te

Identify and priorvitize monitoring and research opportunities (if desived).-—1f the initial population and validation of the
ccosystem-scale model does not provide the Committees with sufficient confidence to recommend Se criteria for the reservoir,
the model can be used to identify the key factors that drive uncertainty in the projected concentrations in sensitive aquatic

species. Those factors then become potential target areas or priorities for additional dats ection, research, and monitoring

¢. As shown in the “Example Hlustration of Model Application,” using generic values or estimates
a wide range of potential recommendations.

Example lllustration of Model Application

A simple numeric llustration of the steps above and the types of results this modeling framework could produce for Lake
Koocanusa was prepared to help the Committees consider whether and (or) how to move forward with model mmplementation.
Following figure 3, this ilfustration makes the following assumptions for decisions about species and the level of protection.

« One location and one point in time is selected as the basis for the recommendation.

» Oncorbynchus mykiss (rainbow) and Oncorhvachus clarkii lewisi (westslope cutthroat trout) arc selected as the most
sensitive species in the ecosystern, and thus as the species to be protected by the guideline.

« A protective guideline of 8.5 parts per billion (ppb) whole-body concentration is chosen (per EPA guidelines).

The ecosystem-scale mode! for Se in Lake Koocanusa has not been completed or validated, so only a hypothetical, illusirative
example is possible. To carry out even this illustration, additional assumptions were necessary. While historical data on food webs
in the reservoir exist and have been summarized for several of the species of interest (Baranowska and Robinson, 2017), that infor-
mation is over 25 years old, and if is unclear whether the overall population mix in the reservoir has changed since that time. Somg
work is being conducted currently to better characterize modern food webs in the reservoir, but data from those siudies are not
vet available.

The last numcm input mcded for Ehc ﬂluslmuon isd - The USGS collected paired samples (water and particulate)
‘ ¢ ! y sser and Naftz, 2017)
Additional work to better understand and characterize the

ED_013890_00019551-00015



10 Conceptual Modeling Framework of Selenium Criteria Development

Table 3. llustrative calculation of a water-column selenium concentration guidsling based on various input assumptions.

[TTT , combined trophic transfer factor for the food web: K, an enipirical measure of the partitioning of Se between water and particulate phases; ppim, parts
per million; ppb, parts per billion]

Trout Whaﬂ;&—bndy Hypothetical 1TF K Calculation waiif:;ﬁ::mn
guideline food web net 4 quideline
1,000 85ppm~ 1.8+ 1,000 4.72 ppb
8.5 ppm Particulate to Zooplankton to kokanee to trout 1.8 3,000 R5 ppm+ 1.8 +3,000 1.57 ppb
5,000 85 ppm~ 1.8 +5000 0.94 ppb
1,600 BS5ppm+ 3.1+ 1,000 2.74 ppb
8.5 ppm Particulate to agnatic insect to trout 31 3,000 85 ppm~+ 3.1 +3000 0.91 ppb
5,000 8S5ppm~+3.1+ 5000 0.55 ppb

The results of these example calculations of a waler-column guideline based on the three assumptions identified carlicr in
this section are illustrated in table 3. As shown, there is a wide range of values for water-column concentration criteria that could
be consistent with a single value for a fish whole-body criterion, depending on what is known about the food webs, the TTFs
withi : :

s shown i figure 5, uncertaintics in K, and TTF values leads to uncertainly in the water-

colummn guideline, whic
This type of uncertainty analysis can be used to help identify rescarch priorities by indicating how reducing uncertainty
in model inputs can lead o reductions in overall uncertainty in the final water-colummn concentration guideline. Figure 6
shows this result for the hypothetical example described here. Each bar in the figure shows the range of values that would
be obtained for the derived water-column guideline if the listed valoe ranges from its lowest to highest value, while the
remaining two values are considered constant at their most likely values. This shows the reduction in ancertainty or spread in
the final derived value that could result from eliminating the uncertainty in each individual input factor. While this figure is only
an tltustration, a similar analysis, if conducted with a well-calibrated, ecosystem-scale Lake Koocanusa Se model, could be
used to help ideniify research prioritics or to decide whether additional rescarch is necessary before making site-specific Se
criteria recomimendations.

ED_013890_00019551-00016



Example lllustration of Model Application 11

Ganeric composite particulate to top- Calculated water-column criterion
fevel invertebrate TTF corresponding to a whole-body criterion
of 8.5 ppm
- E mean value = 1.56 ppb
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Figure 5. Monte Carlo simulation illustrating the effects of uncertainty in assumed input factors {left panels) on the
derived water-column selenium guideline for a single assumed whole-body guideline {right panel). Input factors for the
illustration ars modeled with trianguiar distributions; output distribution is based on 5,000 Monts Carlo iterations. TTF,
trophic transfer factor, K, partitioning coefficient; ppm, parts per million; ppb, parts per billion.
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Composite TTF:
particulate to top-end
inveriebrate

TTF: top-leval
invertebrate 1o fish

4!

Sensitivity of calculated water-column criterion
to uncertainty in input factors

wawdojeasq LBl WINIUSIOS [0 Ysomawely Buiepoyy jemdasuey

0.5

0 © 0
Mean baseline = 1.56 ppb -
Derived water-column criterion in ppb

1.0
3.0

35

Figure 6. lllustration of the relative effects of reducing uncertainty about assumed K, and TTF valugs on the mean derived water-column
Se guideling for a single assumed whole-body guideling. Width of each bar indicates range of uncertainty in the derived value that can be
attributed solely to uncertainty in the specified input factor. The top bar, for example, shows that if K, were the only uncertain value and the
TTEs were known to be at assumed mean values, the range of the derived water-column criterion would be from 0.8-3.2 pph. TTE trophic
transfer factor; Se, selenium; pph, parts per billion.
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Summary

The concepiual modeling framework described in this report represents an application of the ccosysieri-scale selenium
modeling approach that has been developed and tested by the U.S. Geological Survey and others over the past 10 vears and
tatlored here for the Lake Koocanusa ccosystem. It is consistent with the approach used by the U.S. Environmental Protection
Agency in devclepmg Ehcxr fi rwhwatcr sclenium oendeimw Bdon, Ehh maodeling E"mmework can be used to provide quanmdn

is typical and appropriaie

P 24 spwmes are to be protected
at what Iovels—that the a,ppmpmte regulatory agencies might make. While it is possible to implement a mathematical model
using a very broad range of values to characterize unceriainty, without an adequate understanding of how the local ccosystem
processes selenium, how hydrologic systems affect the entrance of selenium to the base of the food webs, and the ecotoxicology
of the target species for criteria development, the range of potential water-column concentrations that would be necessary to
meet a particular selenium ¢riterion in fish can be very broad. As the Lake Koocanusa Moenitoring and Research Working Group
and its subcommittees, the Montana Department of Environmental Quality, the British Columbia Ministry of the Environment
and Climate Change Strategy, and their contractors continue to collect data and to better understand the food webs and the
current levels of selenium in Lake Koocanusa and in those food webs, this conceptual modeling framework can be populaied
with appropriate, site-specific values and run with alternative decision scenarios. This will lead to an integrated end product that
provides more detatled and less uncertain estimates of how various water-column selenium criteria might affect fish and wildlife.
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